Abstract. The aim of the present study was to investigate the feasibility and value of serum microRNAs (miRNAs/miRs) as biological markers for the prediction of the behavior and prognosis of esophageal squamous cell cancer (ESCC). The differential expression of serum miRNA was detected by an miRNA microarray of 9 patients with ESCC and 9 healthy volunteers. The result of the miRNA microarray was validated in serum samples of 69 patients with ESCC and 14 healthy volunteers by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The association between serum miRNA expression and tumor-node-metastasis (TNM) stage was analyzed. A total of 10 serum-specific miRNAs were identified from the patients with ESCC. Through PCR verification, the expression levels of miR-129, miR-451 and miR-365 were consistent with the microarray results validated by RT-qPCR, and the difference was statistically significant compared with the healthy volunteers (P=0.007, P=0.007 and P<0.001, respectively). Multivariate logistic regression analysis showed that miR-365 could serve as potential diagnostic marker for ESCC; the area under the receiver operating characteristic curve was 0.831, with a sensitivity of 80.56% and a specificity of 86.7%, but its expression did not differ significantly among the different TNM stages (stage I-II vs. III, P=0.052; stage III vs. IV, P= 0.069). The expression level of miRNA-129 differed significantly among the different stages (stage I-II vs. III, , P=0.002; stage III vs. IV, P=0.042), while the expression level of miR-451 did not differ significantly between stage III and IV (P=0.308). In conclusion, serum microRNAs are novel biomarkers for ESCC, and miRNA-365 and miRNA-129 can be used for the early prediction of cancer and the prediction of clinical stage, respectively.
Introduction
Esophageal cancer is one of the most common malignant tumors in China. Each year there are ~288,000 new cases, leading to 208,000 fatalities; squamous cell carcinoma (SCC) accounts for 90% of these cases (1) . Esophageal cancer is also characterized by an insidious onset. The majority of patients are already at an advanced stage when they are first diagnosed, and the 5-year survival rate following surgery is only 25%. However, at an early disease stage, the 5-year survival rate following surgery is as high as 80-90% (2) . Therefore, early diagnosis and treatment are crucial. Existing examination methods for diagnosing esophageal SCC (ESCC), including esophageal cytology, X-ray, computed tomography examination and endoscopic ultrasound, cannot achieve an early diagnosis (3) . It is abundantly clear that finding the ideal ESCC marker with a high specificity and sensitivity is a pressing issue.
microRNAs (miRNAs/miRs) are small non-coding RNAs of 19-24 nucleotides in length that are involved in cancer development (4) . Recent studies have shown that miRNA expression is stable enough to be detectable in the blood and to serve as a useful cancer biomarker. For example, it has been shown that it is possible to improve the potential early diagnosis and treatment of ovarian cancer lacking clinical signs. It was demonstrated that the expression levels of miR-21, miR-92, miR-93, miR-126 and miR-29a in the serum of ovarian cancer patients were significantly upregulated, whereas those of miR-155, miR-127 and miR-99b were significantly reduced (5, 6) . In patients with diffuse large B-cell lymphoma, the serum miR-21 expression level was significantly increased, and the upregulation of miR-21 expression was also correlated with a higher recurrence-free survival rate (7, 8) . These results suggest that the detection of the specific expression of miRNAs not only assists in the early diagnosis of cancer, but also in the determination of the patient's prognosis. These features point to the superior application of miRNAs as biological markers.
Therefore, in the present study, the Agilent MicroRNA Microarray Profiling System and bioinformatics methods were used for the analysis and identification of specific miRNAs in the serum of ESCC patients. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was applied to verify the microarray results. The goal of the study was to investigate the feasibility and value of serum microRNAs as biological Serum miRNA expression in patients with esophageal squamous cell carcinoma BEINA HUI 1 markers for the prediction of the biological behavior and prognosis of ESCC. Collection of serum samples. In each case, 2 ml of collected peripheral blood was quickly transferred to an ordinary EDTA-free tube, and allowed to settle at room temperature (22-25˚C) for 15-30 min, until completely coagulated. Next, 0.6-1 ml of supernatant was aspirated and transferred to a clean 1.5-ml centrifuge tube, and the following steps were completed within 1 h (at room temperature) or 2 h (at 4˚C): Centrifugation at 820 x g for 10 min at 4˚C; collection of supernatant and transferal to a clean 1.5-ml centrifuge tube; centrifugation at 16,000 x g for 10 min at 4˚C; aspiration of the supernatant and transferal to another clean centrifuge tube; and storage at -80˚C for future use.
Patients and methods

Participants
Extraction of total RNA from serum. The serum samples prepared as aforementioned were collected (400 µl each) and total RNA was extracted from the serum using the mirVana™ PARIS™ kit (Applied Biosystems Life Technologies, Foster City, CA, USA) according to the manufacturer's instructions. RNA (1 µl) was used for quantitative analysis using a NanoDrop ND-2000 (Thermo Fisher Scientific, Inc., Waltham, MA, USA), and an Agilent Bioanalyzer 2100 (Agilent Technologies Inc., Santa Clara, CA, USA) was used to examine RNA integrity.
Detection of serum miRNA expression using the Agilent MicroRNA Microarray Profiling System. Total RNA (100 ng) was extracted from the sera of 9 ESCC patients and 9 healthy volunteers, and used for dephosphorylation, Cy3 labeling and hybridization with a miRNA microarray using the miRNA Complete Labeling and Hyb kit (Agilent Technologies Inc.), according to the manufacturer's instructions. Following hybridization, the microarray was washed with the washing buffer in the Gene Expression Wash Buffer kit (Agilent Technologies Inc.. Finally, an Agilent G2505C Scanner (Agilent Technologies Inc.) was used to scan the microarray, and GeneSpring GX11.0 software (Agilent Technologies Inc.) was used for signal processing. The Quantile method was applied for data normalization.
RT-qPCR for validation of microarray results.
Total serum RNA (60 ng) from the remaining 69 ESCC patients and 14 healthy volunteers was subjected to RT reactions using the TaqMan miRNA Reverse Transcription kit (Applied Biosystems Life Technologies). The reaction conditions were as follows: 30 min at 16˚C, 30 min at 42˚C and 5 min at 85˚C; the reaction preparation was then maintained at 4˚C. Specific fluorescent TaqMan Probe was used for the RT-qPCR assay to detect the plasma miRNA content. In accordance with previous studies, miR-1228 was used as the internal control (9,10). The PCR conditions were as follows: 96˚C for 5 min, followed by 50 cycles at 95˚C for 15 sec, and then 60˚C for 1 min. The relative expression level of each miRNA was expressed using the 2 -ΔΔCt method, where ΔCt = Ct miRNA -Ct mi1228 . Each experiment was repeated three times.
Statistical methods. GeneSpring GX 11.0 software was used to analyze the microarray data. Fold-change analysis and t-tests were performed for differential gene expression analysis (screening criteria, fold-change >2; P<0.01). MedCalc software was used for the Mann-Whitney U and Kruskal-Wallis tests of the quantitative fluorescence, qPCR results. The receiver operator characteristic curves (ROC) were used to evaluate the sensitivity and specificity of the expression levels of different miRNAs in the diagnosis of ESCC. Multivariate logistic regression analysis was performed to find the optimal combination of miRNAs. P<0.05 was considered to indicate a statistically significant difference.
Results
Serum miRNA expression, as detected by miRNA microarray.
A total of 42 ESCC-specific serum miRNAs were obtained from the miRNA microarray results using the screening criteria of a fold-change of >2 and P<0.05 for the t-test. To improve the likelihood of differential gene expression, the screening criteria were increased to a fold-change of >8 and P<0.01 for the t-test; a total of 10 ESCC-specific serum miRNAs were then obtained (Table I) . Validation of microarray results using RT-qPCR. RT-qPCR showed consistent results with regard to the expression levels of miR-129, miR-451 and miR-365, and the microarray results; in addition, compared with the healthy controls, the expression levels of these miRNAs were significantly different (P=0.007, P=0.012 and P<0.001, respectively) ( Fig. 1) . For miR-92b, miR-563 and miR-767-3p, although the directionality of the changes in the expression levels was consistent with the microarray results, the expression levels of these miRNAs were not significantly different from that of the healthy volunteers (P>0.05). The miR-518b and miR-548 expression levels, as detected with quantitative fluorescence qPCR, were inconsistent with those obtained from the microarray analysis. Due to poor specificity of the melting curve, data on the expression levels of miR-602 and miR-18b* was not obtained.
Value of miR-129, miR-451 and miR-365 in ESCC diagnosis.
The ROC analysis results showed that by using the relative expression of miR-129 alone (cutoff, 0.386), the sensitivity was 78.8%, the specificity was 73.3% and the area under the curve (AUC) was 0.792. Using the relative expression of miR-451 alone (cutoff, 0.568), the sensitivity was 82.5%, the specificity was 79.0% and the AUC was 0.882. Using the relative expression of miR-365 alone (cutoff value, 5.06), the sensitivity for ESCC diagnosis was 80.56% and the specificity was 86.7%, with an AUC of 0.831 (Fig. 2) (Fig. 3) .
Discussion
The present study examined and analyzed the serum miRNA expression profile of ESCC patients using miRNA microarray technology and subsequent validation with quantitative fluorescence-based, qPCR. It was found that the expression of 3 miRNAs, miR-129, miR-451 and miR-365, was significantly elevated compared with the healthy controls. Further multivariate regression analysis revealed that miR-365 can serve as a biomarker for the early diagnosis of ESCC, with a sensitivity of 80.56%, a specificity of 86.7% and an AUC of 0.831. The miR-365 expression level was significantly increased in the serum of TNM stage I and II ESCC patients, but such specific 
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upregulation was not correlated with the TNM stage; this suggested that miR-365 may not be a suitable indicator of ESCC progression. The upregulation of miR-451 and miR-129 in the early stages of ESCC was not significant, but became statistically significant at stages III and IV. In particular, the expression level of miRNA-129 differed significantly between the different stages, suggesting that it may serve as an independent monitoring indicator for the prognosis of ESCC. To date, there have no studies on the expression of the 3 miRNAs, miR-129, miR-451 and miR-365, in the serum of cancer patients. A recent study showed that circulating miRNAs were selectively secreted via a cellular selection mechanism and that this selection mechanism was associated with the degree of malignancy (11) . It was also demonstrated that living cells secreted miRNAs capable of inhibiting each other (12) . With regard to miR-365, overexpression was detected in these cells and the clinical specimens of cutaneous squamous cell carcinoma. In vivo experiments have shown that the HaCaTpre-miR-365-2 cell line, which overexpresses miR-365, can induce the formation of subcutaneous tumors, and that the use of the anti-miR-365 oligonucleotide Antagomir-365 can inhibit the formation of skin tumors in vivo, inducing tumor cell cycle arrest at the G phase and apoptosis (13) . These results suggest that miR-365 acts as an oncomiR in cutaneous squamous cell carcinoma in vitro and in vivo. In the present study, an elevation in the expression of miR-365 in the sera of stage I and II ESCC patients was found, which was possibly due to the fact that miR-365 is associated with the early formation of esophageal cancer. Ogawa et al (14) utilized RT-PCR to identify 7 miRNAs in ESCC cells, and found miRNA-129 overexpression in these cells. Analysis of the post-operative survival data subsequently showed that high levels of miRNA-129 were negatively correlated with the post-operative survival time of the patients, and multi-factor regression analysis also suggested that miRNA-129 was an independent prognostic factor. In the present study, a significant elevation in the expression of miRNA-129 in the serum from stage III and IV ESCC patients was observed, and it was deduced that a high expression level of miRNA-129 may be associated with the tumor burden, and that miRNA-129 could potentially serve as an independent factor for the prognostic monitoring of esophageal cancer. Recent studies have found that miR-451 is not only expressed abnormally in tumor tissues, but that it is also involved in the biological activity of certain tumors and the genetic regulation of their drug resistance (15) (16) (17) (18) . The current literature illustrates the downregulation of miR-451 in gastric, colon, esophageal and non-small-cell lung cancer, and its upregulation in head and neck squamous cell carcinoma and multidrug-resistant ovarian cancer (19) (20) (21) . Wang et al found that the upregulation of miR-451 expression in EC9706 esophageal cancer cells effectively inhibited proliferation and invasiveness, and promoted apoptosis, possibly through the phosphoinositide 3-kinase/Akt signaling pathway (22) . Therefore, we hypothesize that the body may produce miR-451 to inhibit the proliferation of advanced esophageal cancer cells, leading to an increase in miR-451 levels in the circulating blood.
It has been previously reported that miRNA-21 can serve as a marker for the diagnostic and prognostic monitoring of esophageal cancer (23) (24) (25) . However, miRNA-21 expression was also shown to be elevated in other types of tumors and diseases, such as colorectal, lung and gastric cancer (26) (27) (28) , and thus cannot in fact serve as a specific marker for esophageal cancer. In addition, there have been several studies on the esophageal cancer diagnosis using a combination of multiple miRNAs. For example, Zhang et al (29) applied Solexa sequencing to compare the serum miRNA expression profile of ESCC patients against that of healthy controls, and found that 25 miRNAs exhibited significantly elevated expression. Furthermore, 
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RT-qPCR revealed significant increases in 7 miRNAs (miR-l0a, 22, 100, 148b, 223, 133a and 127-3p), in the serum of the ESCC patients. Cluster analysis illustrated that the combination of these 7 miRNAs could distinguish 89.6% of early ESCC patients from normal controls, showing miRNAs to be of relatively significant value in the early diagnosis of ESCC (29) . The present study failed to replicate the results of previous studies; that this may be due to differences in experimental design, material selection and detection techniques between the studies. In the current study, the relevant miRNAs were screened and identified from an miRNA microarray containing 2,026 miRNAs, and these were then validated using RT-qPCR. Hence, the present results should be quite reliable. Thus, these miRNAs exhibit a relatively high importance in terms of their research value.
Certain limitations must be considered when interpreting the results of the present study. First, the sample size was small. Second, the abundance of the miRNAs in the serum was too low to be accurately quantified by RT-qPCR, therefore, certain potential relevant markers could not be assessed. Third, there have been a few studies on the expression of miR-365, miR-451 and miR-129 in the serum or on the mechanisms subserving their functions, and this remains unclear. Therefore, in the next stage of our studies, the sample size will be expanded and complete follow-up examinations of the patients will be performed so as to understand the association between miRNA expression and patient survival. In addition, future studies will characterize the expression of these miRNAs in ESCC tissues and cells, and investigate the mechanisms underlying their functions in ESCC. Such studies should aid in the determination of the reason for their elevation in the serum.
In conclusion, the present study found that the expression levels of miR-129, miR-451 and miR-365 were significantly increased in the serum of ESCC patients compared with healthy subjects. Specifically, we propose that miR-365 be used as a potential marker for early ESCC diagnosis, while miRNA-129, which showed expression levels associated with tumor stage, may serve as an ESCC prognostic indicator. For the purposes of the early detection and diagnosis of ESCC, and to improve patient survival, larger studies must be performed to screen and verify combinations of ESCC-specific serum biomarkers; these markers could then be used as a sensitive, specific, non-invasive and simple method for tumor detection in the early diagnosis and prognostic monitoring of ESCC.
